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Introduction
In recent years, patient-centered care has gained significant momentum and the involvement of patients as interactive partners has been acknowledged as an important element in healthcare [1] , [2] . One suggestion for realizing a more patient-centered care is to implement different kinds of technologies that enable patients to take a more active role in monitoring and managing their health [3] . Studies have shown that especially chronically ill patients wish to get involved in their own healthcare process to self-manage and selfmonitor their condition [4] . With issues such as increasing healthcare costs and a rise in chronic diseases, the benefits of patient involvement and digitalization are discussed in both academia and society.
As an example, the European Commission stresses the importance of technologies that allow citizens to contribute with user-generated data to offer more personalized and useful healthcare. "It is essential to establish safeguards to allow citizens to use health and well being applications with confidence and subsequently ensure the integration of user-generated data with official medical data so that care can be more integrated, personalised and useful for patients" [5, pp. 8-9] . Fitness trackers, apps for diabetes management and sensor-based technologies in elderly homes are a few of the technologies that are argued to help realize this vision. This is not only seen in the healthcare sector but also in the fitness and wellness industry where the market for applications that support user-generated data is growing. Today the major app stores have over 250 thousand health apps [6] .
The growing availability and widespread adoption of these technologies have led to a number of key informatics issues, and research has not caught up with the rapidly growing market of these services [7] . Several authors call for a need to further study the role of patient generated data [8] - [10] . It is therefore important to provide an update on the recent stage of the research on patient generated data (PGD) and to pinpoint areas that need further investigation. Thus, the aim of this study is to contribute to IS literature by providing a state of the art review of studies on PGD and identifying trends and areas in need of further research. In doing our review, we were inspired by [11] , [12] and their ideas of conducting literature reviews and focused on high ranked information systems (IS) conferences.
In the next section we describe the review process, followed by section three where the results are provided. The results are discussed in the fourth section, which are summarised in the concluding and final section.
Method
We began our review by first looking into the basket of eight journals to be able to identify key terms and issues. Similar to other reviews, e.g. [13] , [14] , the intention was to focus on high ranked journals in IS due to their ability to influence researchers and practitioners cf. [15] . However, we identified few instances where PGD was the core of the study. Inspired by [11] , [12] who argue that a literature review process is an iterative one, where new sources are added to the review as it progresses, we decided to focus on AIS conferences and a highly ranked AIS affiliate conference. We selected the conferences based on their high rank [16] and their faster publication process in comparison to journals. Furthermore, these conferences are general IS conferences, thus cater to a broad base, attracting a diverse range of papers on issues related to IS. Since PGD has been described as rather recent and dynamic field [7] , conferences were judged to be a way to represent new trends and ongoing debates in the field. The selected conferences included the International Conference on Information Systems (ICIS), the Americas Conference on Information Systems (AMCIS), the European Conference on Information Systems (ECIS), the Pacific Asia Conference on Information Systems (PACIS) and the Hawaii International Conference on System Sciences (HICSS).
We searched for papers published in the healthrelated tracks of the conferences and limited our review to papers published between 2010 and 2017 1 in order to give a contemporary view of the research on PGD. We made an initial selection of studies by reviewing the title and the abstract of all papers published in the health-related tracks of the conferences. Studies were included in the review if they had: (1) patient generated data as a focus, (2) were complete research papers, and (3) an IT/IS component in the data generation process. Data gathered in the hospital setting -such as in sensors in the ICU unit -was not considered as PGD. We chose to exclude literature reviews, adoption research, and studies that focused on online communities with the sole purpose of providing patient support, or social networking. In the instance where a decision on inclusion could not be made solely on the title and the abstract, we retrieved the full paper. The initial selection of papers was made individually, and the result was then compared between the two authors. After discussions, we decided on inclusion or exclusion for the remaining papers. Based on these criteria, 83 papers were included in the review 2 .
1 At the time of writing this paper (January, 2017), ICIS 2017 had not taken place, thus is excluded from this review. ICIS 2010 and ECIS 2011 did not have health tracks, and for AMCIS 2010 and PACIS 2014 we were not able to find the program information. 2 For the full list of the reviewed papers, please contact the authors. An asterisk (*) in the reference list indicates that the reference is included in the review sample.
• Total number of papers published in health tracks: 823 • Selected sample: 83
Data Analysis
To generate an initial coding scheme, a random sample of the papers were selected and read by the authors separately, and then discussed together to decide on a coding template. This template was adapted iteratively as more papers were read. In this process, we also asked our colleagues to give feedback on our coding template. One code that was generated early on but excluded due to low focus in the reviewed papers was the patient's role in designing the technology. As a result, we used the following coding scheme:
• Type of paper: conceptual, design-oriented or empirical, and theories used • Main focus of the study: wellness, sickness or other • Type of activity: self-tracking, selfmanagement, monitoring • Type of disease or condition: cancer, diabetes etc.
• Type of technology studied/used: mobile app, sensor etc.
• Type of generated data: glucose levels, blood pressure etc.
• Data use by patient: internal (act on it immediate), external (healthcare professional sends intervention) or system aided The selected sample was then divided between the two authors, and both authors read papers from all conferences but from different years. When we were unsure of how to code a specific paper, both authors read it and used discursive alignment to decide on the final coding. In total, we selected 83 papers. The breakdown of the papers according to conferences is provided in Table 1 .
Results
The review shows that, there has been an increase of conference papers that deal with PGD, from only 1 instance in 2010 to 14 in 2017, with a peak of 22 papers in 2016.
Type of papers and theories
The majority of the papers are empirical (48 papers). In that sample, four papers adopt a mixed methods approach, four papers draw from design science, whereas 19 and 21 papers use qualitative and quantitative methods, respectively. 25 papers in our sample are design science papers that focus on designing technology or an app, and ten papers are conceptual, often generating a framework to study the use of technology or key issues to foster adoption. A breakdown of the papers by years shows that there is an increase in empirical papers over the years, whereas conceptual and design papers have more stable numbers, as shown in Figure 1 .
Figure 1. Type of papers over the years
In our sample, only 24 papers -mostly empirical studies -used explicitly cited theories, as described in Table 2 . The technology acceptance model (TAM) is the most frequently used theoretical perspective in the reviewed papers and aims to investigate how the technologies are used by the individuals i.e. , [17], followed by two recent papers that adopt an affordance lens [18] , [19] . These papers focus on how IT is viewed differently by different groups, i.e. patients and physicians. The papers that use cognitive dissonance [20] , [21] shed light on how people act to reduce their cognitive dissonance due to (not) using fitness devices while the papers that employ the health belief model [22] , [23] and the fogg behavior model [24] , [25] study behavioural change of users and more frequent use of technology. Theories such as task-technology fit, TAM, UTAUT are used in the papers to investigate the factors that affect the adoption decisions of the users. 
Sickness versus wellness
By categorizing the papers into their main focus (wellness, sickness or other) and by the disease or condition that the papers discuss we provide a picture of the trends in the research community. Below, Figure 2 provides an overview of the disease/condition that PGD is generated for or collected to assist with.
Papers that focus on PGD for sickness constitute 65% of the total sample, and the majority of the papers study general health issues (17 papers). These papers tend to have a design orientation e.g. , [26] , or focus on issues like self-feedback e.g. , [17], and do not discuss a specific condition. The second largest group studies services for diabetes management, with the majority of the papers focusing in PGD that will help the patient in self-managing their diabetes, while only three papers include patients' data that is monitored to provide an intervention. The other major categories that focus on sickness are cancer, and cardiovascular/heart diseases, and other specific conditions like organ transplant issues or kidney failure.
In the wellness category, the focus is on physical health, with papers on general physical activity [27] Theories used in one paper each Adoption; ANT; D&M success model/Social support theory/Social presence theory; Effectuation; Information processing theory; Protection motivation theory/Task-technology fit; Self-determination theory; Social cognitive theory of self regulation; Systems' thinking; Unified theory of acceptance; Uses and gratifications theory and fitness-oriented activity [28] , covering 74% of the 23 papers. Mental wellness is only considered by three papers, two focusing on stress management [29] , [30] , and one on mood [31] . The remaining papers were categorized as other type of wellness and focused on obesity [32] public health [33] and safe driving [34] . The third category, others provide only seven papers, that range from big data analytics and its effects on privacy [35] , to communal health issues [36] . Table 3 provides a more detailed breakdown of the focus of the studies and the intention of the PGD. It shows that self-management by the patients (26 papers) and distance monitoring (17 papers) of sickness-related conditions is the most common focus of the included papers. Moreover, self-tracking of wellness activities (13 papers) were frequently identified in the papers. 
Figure 2. Distribution by PGD focus

Technology and data
The second trend can be described by the different types of technology and applications that are under study and the type of data that is generated by the user or the patient. The majority of the studies (35 papers, 42%) focus on mobile apps, either studying physical activity and fitness tracking apps or apps for patients with different conditions. Apps for physical activity or fitness tracking discuss running apps e.g. [19] and apps for different conditions include diabetes e.g. [36], [37] , but also mental health issues e.g. [31] or other conditions such as cancer [39] The second category includes 17 studies that focus on wearable technologies, including sensors for patient vitals and activity trackers such as Apple Watches [45] and Fitbits [46] . Two papers focus on drug administration, one paper studied a digital pill with a wearable sensor [47] and one paper studied smartpumps for insulin [48] . Two papers do not specify the type of wearable technology.
The third category includes 12 studies that discuss online applications such as online platforms [18], [49] and personal health records [50] , [51] . All papers in this category focus on issues related to sickness. Out of the included studies, 19 papers do not describe the studied technology. An overview of the type of technology is presented in Table 4 . Figure 3 shows that the generated data from patients or users mostly focus on blood glucose measurements and physical measures such as data on exercise, heart rate, weight, blood pressure and body temperature. Four studies include data on vital signs and three studies include data related to food such as photos of food [32] and data on consumed food [52] . Other types of generated data include mood e.g. [ 
Figure 3. Different types of generated data
Moreover, 31 papers describe data that is actively generated by the user by collecting and recording data. In 17 papers, data is passively generated and in 11 papers we identified a combination of both active and passive data generation. In the end, 25 papers do not specify how data is generated. The data use by patients was divided into either external, internal, system aided or a combination of two of the previous types. In total, 41 papers (49%) describe the data use by patients and the type of technology studied. In all categories mobile apps, wearable technologies and online applications are represented. However, as shown in figure 4 , mobile apps are overrepresented in the system-aided category. 
Discussion
Our review shows that the majority of the included conference papers are empirical, with a rather balanced take on qualitative and quantitative methods. One interesting aspect, however is that most of these papers study the initial use of technology: how to motivate people to adopt, how to change user behaviour, and how to build self-feedback mechanisms in the technologies to improve continued use. This coupled with the fact that 30% of the papers discuss the design of devices and applications, results in a trend that focus on the earlier stages of technologies for PGD and the design, diffusion and adoption of these technologies. Therefore, we argue that there is a need for papers that study technologies for PGD and its use in a more thorough way and that evaluates its impact and not only design issues. There are instances where cases were followed through several years with multiple publications, such as the Norwegian case presented by [25] and [53] whom studied several aspects of the technology and followed it over time.
From a theoretical perspective, there are a significant number of papers that do not mention a theory, framework or model to ground their research. Out of the 25 papers that use a theory, the reviewed papers are rather light in their theory use [55] . As noted by [56] there is an influence of IS theories on health informatics however our results show that other streams of theories seem to be used, i.e. cognitive dissonance or social cognition theory. A common trend in the included papers is that they are not focused on theory building, but rather using theories to describe technology in a specific context or use theories to explain a certain phenomenon in this context. Following the categories presented by [57, p. 163 ] the majority of papers would fit into the third and fourth categories (cf. [58] ) papers that "examine phenomena in healthcare context, using theory to explain phenomena, possibly extending or building theory in this context", and papers in which "primary attention is to describing IS or IT in healthcare context with little consideration of theory".
Looking into the data, there are several issues that seem to dominate the research on PGD. Our results suggest that PGD related to sickness is more heavily investigated than wellness issues. One reason why sickness-related PGD is more prominent can be due to the constant aim to improve healthcare and the increased awareness of patient-centered care and patient involvement [59] . It is noteworthy that the majority of sickness-related papers mostly focus on specific conditions like diabetes, cancer and cardiovascular/heart diseases. These conditions are seen as major public health issues and a cause for increasing healthcare costs [60] , [61] . This might be a reason why studies on diabetes, cancer and cardiovascular/heart diseases dominate the field, and result in a more focused research agenda on sicknessrelated issues.
However, one could expect an increasing focus on wellness technologies, since fitness applications and smart watches are conveniently available to the end users, and popular. A report by IMS [62] shows that two thirds of health related apps are were wellness oriented. Whereas, with sickness-related technologies patients might need to use more complex devices, for example replacing the old glucose meter with a Bluetooth enabled glucose meter -even though as noted by [10] these devices are becoming more affordable. The high numbers of papers that discuss system-aided interventions seem to be connected to the frequent studies on mobile apps. Some studies described PGD that included an intervention from external actors such as physicians or nurses. In those cases, the type of technology was mostly wearables or online applications.
Our results show that most studies focus on mobile apps, both for wellness and sickness whereas studies on wearables and online applications are less common. One probable reason of the focus on apps instead of wearables might be the higher initial costs of these devices. However, the market analysis of wearables shows a steady increase in use, and the number of connected devices is projected to grow from 325 mil in 2016 to 926 mil in 2021 [63] . Thus, it will be interesting to investigate their effect on PGD Though technology plays an important part, a quarter of the papers did not specify the technology used. This is also shown in the type of generated data and data use by patients, in which as many as 41% and 49% of the papers did not provide a description of these elements. Thus, the included studies on PGD seem to be unspecific about the both the studied technology and the PGD. Therefore, we argue that there is a need to be more specific about the generated data and the technology studied, similar to what [64] argued when they suggested that technology should be engaged with more directly, especially if impact of the technology is to be studied. Defining the technology would then help to better investigate the effects of PGD from a more holistic perspective, such as argued by [65] . To summarize, we present suggestions on areas in need of further research.
Type of paper and theory
• Include a wider variety of theories and attempts of theory building.
• Conduct studies in the later stages of technology use, such as evaluations on the effectiveness of PGD, achievement of intended goals, use of PGD by patients and caregivers.
Sickness and wellness
• Include a wider range of health issues.
• Include other wellness-issues than physical activity and fitness, for instance mental wellness.
Technology and data
• Pursue more research that focus on wearables and sensors, such as those in smart homes.
• Conduct studies that include other measurements than blood glucose levels and physical activity.
Conclusions
The aim of this study was to provide a state of the art review of recent studies on patient generated data by identifying trends and areas in need of further research. Although our review was limited to conference papers in IS field, our results highlight trends within the field. The majority of the papers are empirically grounded, dealing with issues of motivating people to use these technologies and focusing on the early stages of technology use. The papers cover issues related to both sickness and wellness, with a focus on chronic diseases and fitness or physical activities. Self-management by patients is in focus of sickness-related papers, especially diabetes, whereas self-tracking is an identified trend in wellness-related papers. The included studies focus mostly on mobile apps and when interventions are provided to the patient it is primarily system aided. Though technology plays an important part in these studies, some of the papers do not specify the technology used.
Concerning recommendations on further research, there is a need for more studies that investigate the later stages of technology use and not only design issues. For instance, there seems to be a need for studies that evaluate the effects of PGD on patients and healthcare providers and that contribute to theorization on PGD. One way to identify these kinds of studies would be to follow the research from a more longitudinal perspective, i.e. longitudinal studies, or tracking the research papers progression from conference contributions to more substantial journal papers. Future studies should also include a wider range of health and wellness issues and incorporate wearable devices more comprehensively. Engaging with these issues more thoroughly can help to create a more nuanced understanding of the effects of PGD.
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